To decrease the dependency on chemical pesticides, the resistance of cultivated strawberry to 25 pests needs to be increased. While genetic resources within domesticated varieties are limited, 26 wild genotypes are predicted to show high heritable variation in useful resistance traits. We 27 collected 86 wild accessions of Fragaria vesca L. from central Sweden and screened this 28 germplasm for antibiosis (pest survival and performance) and antixenosis (pest preference) traits 29 active against the strawberry leaf beetle (Galerucella tenella L.). First, extensive common garden 30 experiments were used to study antibiosis traits in the sampled plant genotypes. Heritable genetic 31 variation among plant genotypes was found for several antibiosis traits. Second, controlled 32 cafeteria experiments were used to test for plant genetic variation in antixenosis traits. The leaf 33 beetles avoided egg laying on plant genotypes possessing high antibiosis. This indicates a high 34 degree of concordance between antibiosis and antixenosis, and that the beetles' egg-laying 35 behaviour optimizes the fitness of their offspring. The existence of high genetic variation in key 36
Introduction 47
Higher intrinsic resistance in crop plants against pests is a promising option to gain independence 48 from heavy pesticide use during cultivation (Broekgaarden et al. 2011; Smith and Clement distances between the sampling locations varied between 7 and 40 km. One genotype was 138 collected from each site in order to maximize the geographic resolution of the sampled area. A 139 recent microsatellite marker analysis where seven of these collected clones showed that they are 140 true (separate) genotypes (Hilmarsson et al. 2017) . 141 We cloned the sampled plant genotypes for several vegetative generations at the SLU common garden was covered with fabric mulch (Weibulls Horto) to reduce weed densities. The 146 common garden was manually weeded when needed, but we did not apply any irrigation or 147 fertilizer. The plants were growing in the common garden for two years before we used them in 148 this study. The plant genotypes were specifically collected for the purpose of this study and 149 corresponding plant material can be obtained from Stenberg on reasonable request. Screening of antibiosis 152 We measured antibiosis using several different proxies, namely larval survival, larval 153 development time (days from hatching to pupation), pupal weigh (mg) and larval growth rate 154 (mg/day, calculated from the two previous proxies). As growth rate takes both development time 155 and weight into account we think it provides the most complete proxy of antibiosis. Low larval 156 growth rate corresponds to high antibiosis and vice versa. As a final proxy for antibiosis we For the screening of larval growth rate and survival we used detached leaves of the 86 160 plant genotypes that were collected from the common garden described above. To obtain neonate 161 larvae for the experiment, we collected adult Galerucella tenella from four distinct natural 162 meadowsweet populations in the vicinity of Uppsala (N59.809°, E17.667°; N59.788°, E17.664°; 163 N59.806°, E17.652°; N59.806°, E17.665°) during early May 2015. The adult beetles were 164 collected from locations with no co-occurring Fragaria vesca population to exclude a previous 165 feeding experience with strawberry plants. This was done to avoid mistaking putative local 166 adaptation of the herbivore with the genetic variation in plant resistance. The collected beetles 167 were randomly mixed and placed in meshed cages containing a mix of F. vesca plants chosen 168 randomly among the 86 genotypes. The cages were kept in a greenhouse (15°C, LD 16:8 h 169 photoperiod, 80% RH) and the beetles were allowed to mate and oviposit freely on the offered 170 plants. In order to rear the larvae, plants with eggs were retrieved and placed in a separate cage 171 and monitored for hatching larvae.
172
We placed the neonate larvae (< 24h) individually in a 30 ml plastic containers and 173 assigned them randomly to feed on one of the 86 plant genotypes. Ten larvae were assigned to 174 each plant genotype, resulting in 860 rearing containers. We provided the larvae with one 175 detached, undamaged, middle aged leaf from the assigned plant genotype. The leaf was replaced 176 every third day and the rearing containers were cleaned in course with the leaf exchange. The 177 rearing containers we kept in a climate chamber until the adult stage (15°C, LD 16:8 h 178 photoperiod, 80% RH). We checked the larvae daily and weighed each larva on the day it 179 reached the pupal stage. Furthermore, we recorded the survival and determined their sex after 180 they reached the adult stage. 183 We used oviposition preference as a proxy of antixenosis and addressed host plant suitability in 184 the context of maternal choice. The oviposition preference of Galerucella tenella females was 185 studied in a two-choice experiment. Based on the earlier larval growth rate screening (antibiosis, 186 see description above) we selected eight plant genotypes with low larval growth rate (high 187 antibiosis) and eight with high larval growth rate (low antibiosis) to test if ovipositing beetles 188 discriminate between them. Runners from each of the 16 selected plant genotypes were collected 189 from the common garden and propagated further to produce genetically identical replicates. The All the following data analyses were conducted with R, version 3.3.1 (R Core Team 2016). 218 We used the inverse of herbivore performance measured as larval growth rate as one of three 219 proxies for antibiosis in Fragaria vesca against Galerucella tenella. We analyzed the genetic 220 variation in growth rate with a linear mixed model with larval growth rate as a response variable.
Screening of antixenosis

221
Larval growth rate was calculated by dividing pupal weight (mg) by larval developmental time 222 (days). The analyses of genetic variation in these two traits separately are presented in Online 223 resource 2. We included plant genotype as a random factor and the sex of the beetles as a 224 covariate to account for the potential sexual dimorphism in larval growth rate (or in pupal weight 225 and development time). As per previous quantitative genetic analyses in F. vesca (Egan et al. 226 2018), this model structure -in which genotype is fitted as a random effect -permitted 227 environmental (within-genotype) variation to be partitioned from genetic (between-genotype) variation (Hill 2010) in order to predict a 'total genetic value' for each genotype (Piepho et al. 229 2008). These values were used to visualize genetic variation in plots, or as an input to additional 230 analyses, as detailed below. The interaction term between plant genotype and the covariate was 231 insignificant and therefore removed from the final model. We assessed normality by visual 232 examination and conducted a Levene's test to check for equality of variances of the residuals.
233
As a second proxy of antibiosis we used one-way ANOVA to test whether larval growth 234 rate (working with genotype genetic values as predicted in the previous model) is associated with 235 larval survival rate, i.e. the percentage of larvae surviving per plant genotype. Due to the high 236 rate of larval survival, we used the larval growth rate as response variable and grouped the 237 survival rate into three categories of 100%, 90%, and less than 90% survival. This categorical 238 factor was then used as an explanatory variable to avoid zero inflation in the model. We 239 validated the model for normality and equality of variances as described above, and compared 240 the survival levels in a posthoc comparison based on a Tukey's pairwise analysis. The overall survival rate of Galerucella tenella from egg hatching until pupation was 296 high (93.2 %). However, larval growth rate and survival were associated: a higher than average 297 larval growth rate was observed for those plant genotypes where all beetles survived, in contrast 298 to below average growth rates observed in cases where one or more larvae died (F=9.63, d.f.=2, 299 P<0.001; Fig. 4) , indicating that antibiosis also affects survival through its effects on growth rate. 300 Interestingly, egg hatching success was not affected by plant antibiosis level (Z=1.38; df= 160, 301 P= 0.169; Fig. 5a ), in which a predicted average of 47.4 % of eggs successfully hatched on a 302 resistant genotype, and 56.5% on a susceptible genotype. However, hatching success was 303 affected by plant genotype (χ 2 =6.31, d.f.=1, P <0.012).
305
Antixenosis 306 We used oviposition preference as a measure of antixenosis. We found that the location of eggs -307 whether located on the leaf blade or leaf petiole -was affected by antibiosis, as shown by a 308 significant interaction between plant antibiosis level (resistant or susceptible) and leaf tissue type 309 (leaf blade or leaf petiole; Z= 2.15, df=160, P=0.032, Fig. 5b ). Female beetles oviposit on average 310 1.9 times more eggs on leaf blades and 5.3 times more on leaf petioles of susceptible plants 311 compared to resistant plants. Overall, female beetles were 3.2 times more likely to lay eggs on 312 plant genotypes classified as susceptible (averaged across different tissue types), compared 313 to resistant plants (Z= 2.774, df=320, P=0.006; Fig. 5b ). In addition to plant antibiosis level, 314 oviposition preference was affected by plant genotype (χ 2 =1.77, d.f.=1, P=0.036).
Discussion
320
Theory suggests that relatively high genetic variation can be found even in small geographic 321 areas (Thompson 2013; Egan et al. 2018) . Concordantly, we found significant genetic variation 322 in the measured resistance traits against the Northern European pest insect Galerucella tenella in 323 our screening of wild woodland strawberry, Fragaria vesca. In our study, we observed a large 324 gradient in resistance, ranging from susceptible to highly resistant, suggesting that an untapped 325 genetic resource is available in wild germplasm from Nordic populations of this plant species.
326
However, the sampled area represents only a small fraction of this species' Eurasian and North 327 American distribution, suggesting that even higher variation could be harnessed if germplasm 328 from the whole distribution was screened.
329
In order to obtain robust resistance in plants against pest insects, plant traits underlying Wild woodland strawberry genotypes used in the study were collected from 86 randomly selected and geographically distinct locations across Uppsala County, Sweden in spring 2012.
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Plant genotype
Larval development time and pupal weight as proxies for antibiosis
We used 86 wild Fragaria vesca genotypes to study the genetic variation and heritability of plant resistance against Galerucella tenella. As one proxy for resistance, we used the inverse of herbivore performance measured as larval growth rate (i.e. antibiosis; reported in more details in the main text). Larval growth rate is composed of two measurements namely larval development time (days from hatching to pupation) and pupal weight (mg). Here, we report the results separately for these two traits.
We used the inverse of herbivore performance measured as larval development time and pupal weight as proxies for antibiosis in F. vesca against G. tenella. We analysed the genetic variation in larval development time and pupal weight with linear mixed model separately for each proxy. We included plant genotype as a random factor and the sex of the beetles as a covariate to account for the potential sexual dimorphism in larval development time or pupal weight. In addition, given the common inter-dependency between larval development time and pupal weight (i.e. that a larva needs to obtain a certain threshold weight before it can pupate), we included pupal weight as an additional covariate to the model analysing genetic variation in larval development time -and vice versa for the model analysing genetic variation in pupal weight. As such, these models hence quantified the extent to which unique (as opposed to overlapping) genetic variation existed for these traits.
As per previous quantitative genetic analyses in F. vesca (Egan et al. 2018) , this model structure -in which genotype is fitted as a random effect -permitted environmental (withingenotype) variation to be partitioned from genetic (between-genotype) variation (Hill 2010) in order to predict a 'total genetic value' for each genotype (Piepho et al. 2008) . These values were used to visualize genetic variation in plots, or as an input to additional analyses, as detailed below. The interaction term between plant genotype and the covariate was insignificant and therefore removed from the final model. Larval development time did not fulfil the assumptions of normally distributed data, and, thus, we used the log-transformation.
We assessed normality by visual examination and conducted a Levene's test to check for equality of variances of the residuals.
To examine broad-sense heritability (or clonal repeatability) in larval development time and pupal weight among the tested plant genotypes, broad-sense heritability (H 2 ) estimates werecalculated from a linear mixed effects model. The models were fitted using the rptR package (Holger et al. 2016) in R (function 'rpt'), and used the same model structure as specified for the 'larval development time' and 'pupal weight' models above. The standard error of H 2 was estimated based on 1000 parametric bootstraps, and the significance of H 2 was tested via a likelihood ratio test.
We found genetic variation in antibiosis levels against G. tenella in F. vesca indicated by the statistically significant variation in both the development time (χ 2 = 161.66, d.f.= 1, P<0.001) and pupal weight (χ 2 = 25.01, d.f.= 1, P<0.001) of G. tenella larvae reared on 86 different plant genotypes ( Supplementary Fig. 1a 
